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10° OFF-AXIS TEST FOR SHEAR PROPERTIES IN FIBER COMPOSITES 
It is demonstrated that the 10° off-axis tensile test 
is an accurate and convenient test method for the intra- 
laminar shear characterization of unidirectional fiber 
composites . 

by C. C. Chamis* and J. H. Sinclair* 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 

ABSTRACT 

A combined theoretical and experimental investigation was conducted 
to assess the suitability of the 10° off-axis tensile test specimen for 
the intralaminar shear characterization of unidirectional composites. 
Composite mechanics, a combined-stress failure criterion, and a finite 
eleuient analysis were used to determine theoretically the stress-strain 
variation across the specimen width and the relative .tress and strain 
magnitudes at the 10° plane. Strain gages were used to measure the 
strain variation across the specimen width at specimen midlength and near 
the end tabs. Specimens from Mod-I/epoxy , T-300/epoxy, and S-glass/epoxy 
were used in the experimental program. It was found that the 10° off- 
axis tensile test specimen is suitable for intralaminar shear characteri- 
zation and it is recommended that it should be considered as a possible 
standard test specimen for such a characterization. 


Aerospace structures research engineers, Composites Branch, NASA 


Lewis Research Center. 
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LIST OF SYMBOLS 

£ normal modulus; subscripts define direction 

F combined-stress failure criterion function 

G shear modul us -intralaminar 

K coupling coefficient in combined-stress failure criterion function 

S uniaxial fracture stress; subscripts define direction 

x,y,z structural -axes orthogonal coordinate system with x taken along 

load direction 

1,2,3 material-axes orthogonal coordinate system with 1 taken along 
fiber direction 



x,y,z structural axes directions 
1,2,3 material axes directions 
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INTRODUCTION 

Efficient intralaminar (in-plane) shear characterization of unidirec- 
tional fiber composites has been a problem because of the difficulty of 
producing a state of pure shear in practical laboratory test specimens. 

For example, the simplest test specimen in use today is the three-point- 
bend short-beam-shear test specimen (ASTM D-2344-72). But this test 
specimen, while expedient for material quality control, is not suitable 
for generating design data because (1) this test produces nonuniform 
shear stress through the specimen's thickness and (2) the test yields 
only the fracture stress and not the total shear-stress shear-strain 
record to fracture. The most desirable test specimen is the thin tube 
subjected to torsion. This specimen provides pure shear stress and 
strain in the wall of the tube; however, the tube specimen is too expen- 
sive and time consuming to be practical and efficient. Between these two 
extremes, several other test specimens and procedures have been proposed 
for intralaminar shear characterization of unidirectional fiber compos- 
ites.^ None of the available test specimens is completely satisfactory 
and researchers in the field are continuously looking for and proposing 
new ones. 

One recent test specimen is the 10° off-axis tensile specimen pro- 
posed by IIT Research Institute during the course of an investigation 

2 

under contract to NASA Lewis Research Center. This test specimen has 
several desirable features to qualify it as an efficient and a possible 
standard test for intralaminar shear characterization. However, it was 
recognized that before considering it as a possible standard, additional 
investigation was required from both the theoretical and experimental 
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viewpoints . 

Therefore, the objectives of the investigation reported herein were 
to perform both detailed theoretical and experimental studies in order 
to assess the suitability of the 10° off-axis tensile specimen for intra- 
laminar shear characterization and the possibility for recommending it as 
a standard test specimen for such a characterization. 


THEORY 

Relative Stress Magnitudes at the 10° Plane from Force Equilibrium 
A biaxial stress state is present when a 10° off-axis specimen is 
subjected to a uniaxial load. As is indicated in Fig. 1, this biaxial 
stress state consists of three stresses, longitudinal transverse 

°l22* aru * lntra l aminar shear a ^ at th® 10° plane. If a 10° off-axis 
specimen is to serve as a means for intralaminar shear characterization 
of a uniaxial composite, the intralaminar shear stress 0 H2 must th® 
only one of these three stresses that is near its critical value, and 
fracture must occur at the 10° plane when reac h® s this critical 

value. 

The stresses in a ply with fibers orieuted at an angle 0 from the 
load direction as a function of the applied stress a cxx are given by 
the following well known transformation equations which are easily deriv- 


able from force equilibrium considerations: 


°ai " °cxx cos 9 


°122 “ °cxx sln 0 


( 1 ) 

( 2 ) 


U 2 


1 

2 a cxx 


sin 26 


(3) 


5 


The notation in Eqs. (1) to (3) is as follows: o denotes stress; 6 is 

the orientation angle between applied stress (load direction) and the 
fiber direction; the subscripts c and l denote composite and ply, re- 
spectively; the numerical subscripts 1 and 2 refer to an orthogonal 
right-hand coordinate system with 1 taken along the fiber direction. For 
the 10° off-axis specimen, substituting 10° for 0 in Eqs. (1) to (3) 


yields the following to three decimal figures: 


°U1 " °' 970 °cxx 


(5) 


( 6 ) 


Eqs. (5) and (6) are used to assess the relative magnitudes of the trans- 
verse and intralaminar shear stresses. As can be seen from Eqs. (5) and 


(6) , the intralaminar shear stress is about six times greater than the 


transverse stress. 


Data comparing the relative magnitudes of the fracture strengths for 
a high modulus graphite epoxy system are presented in table I. In table 
1(a), under "Load direction," four types of specimens are listed. The 
first, second, and fourth were tensile specimens prepared from an eight- 
ply, flat, uniaxial (0J g laminate of Mod-I/epoxy (ERLA 4617). The spec! • 
mens were cut out of the laminate so that the tensile axis of the 0° 


specimen was parallel to the fiber direction of the laminate, that of the 
90° specimen was perpendicular to the fiber direction, and the tensile 
axis of the 10° specimen was offset 10° from the fiber direction of the 


laminate. The third specimen shown in table 1(a) was a 5.08-centimeter- 
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(2-in.) diameter eight-ply Mod-I/epoxy tube with the graphite fibers 
running lengthwise along the tube* This tube was tested in torsion. 

The fracture strength <? cxx of the 10° off-axis composite (item 4, 

3 2 

table 1(a)) was 34.3x10 N/cm (49.8 ksi) . The corresponding fracture 
stresses of the plies at the 10° plane (o^^, °i22* an< * 0 112^ as com P ute< ^ 
using Eqs. (4) to (6) are presented in table 1(b). The ratios of the 
computed ply fracture stresses to the measured uniaxial fracture strengths 
are shown in table 1(c). As can be seen in table 1(c), only the computed 
intralaminar shear stress is near its critical value. 

Relative Stress Magnitudes from Combined-Stress Failure Criteria 
In the previous section the relative stress magnitudes were compared 
on an individual stress basis and combined-stress interaction is not 
taken into account. To account for the interaction, a combined-stress 
failure criterion is required. The combined-stress failure criterion 
used herein is derivable from a modified distortion energy principle which 
is described in Refs. 3 and 4. When both the ply longitudinal and the 
transverse stresses are tensile, as is the case for the 10° off-axis ten- 
sile specimen, the failure criterion to determine whether fracture has 
occurred is 


1 



, 0 111 0 122 + r 112 

112 S JH1T S £22T V £,12 S 


) 


1 0 


(7) 


where S denotes uniaxial fracture stress, K is a coupling coefficient 
which depends on the elastic constants of the composite material^ 0r ^ 


the subscript T denotes tension and S denotes shear. Using numerical 
values for o and S from table 1(a) and the corresponding K value of 
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1.44 as determined In Refs. 3 and 4, Eq. (7) yields 

1 - [0.350 + 0.141 - 0,319 + 1.25] - -0.421 
Since this value Is less than zero, according to the failure criterion, 
fracture has occurred. The Important observation to be noted here Is 
that the major stress contribution to fracture is from the intralaminar 
shear stress which is the last term in the brackets. The contribution 
from the longitudinal and transverse stresses (first three terms in the 
brackets) tend to cancel each other. 

Sensitivity of Material -Axis Stresses and Strains 
with Errors in Orientation Angle 

An assessment of how sensitive the material-axes stresses and strains 
are with small errors in the load orientation angle may be obtained by 
plotting these stresses against orientation angle. This is illustrated in 
Fig. 2, where the ply stresses plotted have been normalized with respect 
to composite stress along the load direction. The important point to be 
observed from this figure is that in the region of a load angle of 10°, 
the transverse and intralaminar shear stresses vary more rapidly than the 
longitudinal stress on a relative basis. It can be shown that a 1° change 
(e.g. , 0 - 11° in Eqs. (1) to (3)) in load angle produces a change of 
about 21 percent in the transverse stress, a 10-percent change in the 
intralaminar shear stress, and only a 0.6-percent change in the longi- 
tudinal stress. 

The variation of the material-axes strains as a function of load 

angle is plotted in Fig. 3 for a Mod-I/epoxy unidirectional composite. 

As can be observed in this figure, the material-axes shear strain (intra- 

♦ 

laminar shear strain E ai2 ) is maximum at about a 10° load orientation 



8 


angle and appears to be insensitive to small errors about this angle. 

These are significant results because they are desirable features for the 
test specimen proposed to measure the intralaminar shear modulus and frac- 
ture shear stress. Though results are not presented here, the two other 
composites investigated approach their peaks at about 11° for T-300/epoxy 
(PR288) and 15° for S-glass /epoxy (PR288) . 

Hie previous discussion leads to the following conclusion. Since 
ply intralaminar shear stress of the 10° off-axis tensile specimen is 
sensitive to small mlsorientation errors, care should be taken in fiber 
orientation, strain gage positioning, and load alinement. It is recom- 
mended that these be kept within ±1°. However, if the fracture intra- 
laminar shear strain is sought, then the mlsorientation Is not as criti- 
cal since the intralaminar shear strain peaks at load angle of about 10° 
and is insensitive to small errors about this angle. 

Equations for Generating the Ply Intralaminar Shear Stress-Strain Curve 

The well known equation relating the ply intralaminar shear strain 
to structural-axes strain for any 6 orientation is 

C U2 ' (e cyy ‘ e cxx> sin 26 + £ c*y “ 9 26 (8) 

The structural axes strains {e } for a 60°-delta rosette 

c 

(6 gl - 0°; e g2 - 120°; 0 g3 - 240°, Fig. 4) are given by 



( 9 ) 
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The intralaminar shear strain along the 10° plane is obtained by substi- 
tuting the structural-axis strains from Eq. (9) in Eq. (8) and setting 
8 - 10°. The resulting equation in three decimal figures is 

e ^2 " -0.456 £^1 - 0.857 e g2 + 1*313 £ g3 (10) 

The structural axes strains for a rectangular rosette (0 g ^ ■ 0°; 

0 . ■ 45° i and 8 , - 90°, Fig. 4) are given by 
g* 8 J 

E cxx " e gl 1 


£ 

cyy 



> 


(ID 


£ - -S , + 2e 0 - £ - 

cxy gl g2 g3 J 

The Intralaminar shear strain along the 10° plane ib obtained in the same 
way as described for the 60°-delta rosette. The resulting equation is 

e u2 - -1.282 e gl + 1.879 e g2 - 0.598 £ g3 (12) 

As can be seen from Eqs. (10) and (12) the calculation for the intra- 
laminar shear strain is simple once the true gage strains are known. The 
strains e g ^ # e g2 , and e g3 are the true gage strains in that they ac- 
count for gage transverse sensitivity provided by the gage manufacturer.^ 
The procedure for generating the intralaminar shear stress-strain 
curve is as follows: For each load increment, 

(1) Calculate the intralaminar r’.iear strain from either Eq. (10) for 
a 60°-delta rosette or from Eq. (12) for a rectangular rosette. 

(2) Calculate the ply intralaminar shear stress o ^ 2 from Eq. (6). 

(3) Plot 0 £ 12 calculated in item (2) against calculated in 


item (1). 

The initial ply shear modulus is determined from the slope of the initial 
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tangent to the stress-strain curve plotted in item (3) . The shear modu- 
lus at any other point may be determined from the slope of the tangent 
to the curve at that point. The ply intralaminar shear strength equals 
the shear stress calculated in item (2) at the fracture load. The ply 
intralaminar fracture strain is the shear strain calculated at the frac- 
ture load in item (1) . 

It is important to note that the generation of the intralaminar 
shear stress-strain curve from the procedure just described requires the 
simultaneous readings of three strain gages and the relatively simple cal- 
culations already indicated. 

Axial Stress Variation Across the Speciran Width at Midlength 
Via Finite Element Analysis 

In order to obtain a theoretical assessment of the axial stress var- 
iation due to in-plane bending induced by the end tabs, a finite element 
analysis was performed. The element used is a second-order triangular 
plate finite element with six nodes and two displacement degrees of free- 
dom (DOF) per node. A schematic of the finite element representation is 
shown in Fig. 5. The dimensions shown in the schematic are those of the 
actual test specimen used. Note the finite element representation in- 
cludes the tapered end-tab portions, and consists of 288 elements, 657 
nodes, and 1314 DOF. 

The analysis was performed on a specimen made from Mod-l/epoxy end 
having three different boundary conditions. The boundaries were selected 
to simulate the following: 

(1) Fixed ends, induces in-plane bending 
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(2) Pinned ends, free from in-plane bending 

(3) End load equivalent to produce an end restraint intermediate to 

(1) and (2) 

The finite element analysis results are presented graphically in 
Fig. 6 . The actual boundary conditions of the specimen produce a stress 
variation somewhere between (1) and (2) and probably close to (3). The 
important points to be observed from the curves in Fig. 6 are: 

(1) At the specimen center all boundary conditions induce approxi- 
mately the same axial stress which is equal to the average stress P/A 
in the specimen, 

(2) The axial stress variation across the specimen width will be 
less than 10 pr -.-cent assuming the dash-dotted curve is the best approxi- 
mation. 

(3) The axial stress at one edge may be 2 to 5 percent higher than 
the axial stress at the center. This observation has the following sig- 
nificant implication. Because the edge stress is higher, fracture will 
probably initiate at the edge. The average axial stress as predicted by 
P/A will be a few percent less than the axial stress at the edge which 
initiates fracture. Therefore, the intralaminar fracture stress pre- 
dicted by Eq. (6) is on the conservative side. 

EXPERIMENTAL INVESTIGATION 
Composite Systems 

The composite systems used in this investigation consisted of 8-ply 
Mod-I/ERLA 4617-epoxy, T-300/PR 288- epoxy, and S-glass/PR 288-epoxy. 
These were selected in order to determine the applicability of the test 
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specimen at high, intermediate, and low orthotropicity (longitudinal 
modulus to transverse modulus ratios, respectively. The 

Mod-I/epoxy laminate was supplied by a commercial vendor. The other two 
were fabricated in-house from commercially available prepreg and accord- 
ing to vendor’s fabrication procedure. Measured unidirectional mechanical 
properties of these laminates are summarized in table 11. 

Specimen Preparation, Instrumentation, and Testing 
A drafting machine was used to lay out tensile specimens at 10 load 
angles on the laminate plates. The specimens were then cut slightly 
overwidth by a 0.061-centimeter- (0 024-in.) thick diamond wheel mounted 
on a surface grinder. Stacks of specimens, so cut, were placed on edge 
and dressed down to the required 1 27-centimeter (0.500-in.) width by a 
diamond wheel. Spe .men ends were reinforced with adhesively bonded 
fiberglass tabs. 

Tensile specimens were instrumented with either one (at center) or 
five (three at center, two near r ps) strain gages, type EA-13-030YB-120 , 
60° delta rosette. The test specimens were placed in the test fixture 
and loaded to fracture using a hydraulically actuated universal testing 
machine. Loading was incremental to facilitate periodic recording of 
strain gage data. 

Axial Strain Variations Across Specimen Widths 
Axial strains at fracture are shown in Fig. 7 for Mod-I/epoxy. These 
data taken directly from the stress-strain data are accompanied on the 
figure with a schematic of the specimen and plots of strain against gage 


location* 
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The experimentally measured fracture strains \:e slightly higher at 

* 

V 

the specimen edges than at the center (0.320 and 0.336 H ^ercent compared 
to 0.287 percent) for the gages located at the midlength. Near the ten- 
sile grips, however, the strain was higher halfway across the specimen 
(0.305 percent) than near the edge (0.288 percent). It is suspected that 
these differences are due primarily to the restraining effects of the 
grips. The important point to observe is that the difference between the 
axial strains at the edges (at the specimen midlength) is less than 
5 percent. 

Shear Stress-Strain Curves 

Intralaminar shear stress-strain curves of the 10° off-axis tensile 
specimen for Mod-I/epoxy, S-glass /epoxy, and T-300/epoxy are presented 
in Fig. 8. The intralaminar shear stresses and shear strains were calcu- 
lated from data obtained from the SGDR^ program (table III) by using 
Eqs. (6) and (8) c Note Eq. (10) could also have been used. The intra- 
laminar shear stresses °g^2 t ^ lus obtained were plotted against the 
intralaminar shear strains e^ 2 calculated for the corresponding longi- 
tudinal tensile stresses. 

Observations of the intralaminar shear stress-strain diagrams 
(Fig. 8) reveal that initially the S-glass composite is most resistant to 
shear deformation followed by the Mod-I and T-300 in that orde . At 
failure, however, Mod-I is more resistant to shear with S-glass having 
the least shear resistance. Note the extensive nonlinearity of the 
diagrams for the S-glass and T-300 curves. 

A photograph of the Mod-I fractured specimen is shown in Fig. 9. As 
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can be seen in this figure, the fracture occurred at the gage section 
along the fiber direction indicating intralaminar shear fracture. 

Comparisons of Mod-I/Epoxy Shear Stress-Strain Curves 
for Different Configurations and Layups 

Shear stress-strain curves for some additional Mod-I/epoxy laminate 
configurations along with the curve for [0]g tested at 10° from the 
fiber direction (10° off-axis tensile specimen) are shown in Fig. 10 for 
comparison purposes. The additional curves are for a tQ2»^®2^S 
tested at 10° to the 0° fiber direction, a +45° laminate, and for a uni- 
directional thin tube tested in torsion in the Lewis Research Center Mul- 
tiaxial Testing Facility.^ Note that the initial ale approxi- 

mately the same for all four laminate configurations. However, as can be 
observed from Fig, 10, the fracture shear strains of the 10° off-axis 
tensile specimen and the thin tube are about the same. Those for the 
other two are about 30-percent lower. This lower value reflects the 
presence of transverse lamination residual stress in the ( teste< ^ 

at 10°) and the t ( ±45 ) 2 1 g laminates. 

The important observation from the previous discussion is that the 

10° off-axis tensile specimen had an intralaminar fracture shear strain 

practically identical to that of the thin tube tested in torsion and a 

3 2 

corresponding stress about 0.66*10 N/cm (1 ksi) higher. Therefore, the 
10° off-axis tensile specimen should be suitable for intralaminar shear 
characterization . 

COMPARISONS 

The measured and finite element predicted structural axes shear 
strains are plotted in Fig. 11 for the same axial stress for comparison 
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purposes. As can be seen, tae comparison is reasonable. It is noted 
that this comparison was selected because of the predominance of the 
structural axes shear strains relative to the other two strains (Fig. 3). 

The measured-initial-tangent intralaminar shear moduli and fracture 
stresses are compared with those available elsewhere (low and high 
values) in table III. As can be seen, the measured data from the 10° off- 
axis tensile specimen are within the range of the values reported else- 
where. The spread in the available data is due to variations in fiber 
volume ratio (0.45 to 0.70) and due to the test method used. 

The previous comparisons lead to the conclusion that the 10° off- 
axis tensile specimen appears to be a good specimen for intralaminar 
shear characterization from both the theoretical and experimental view- 
points. 

RECOMMENDATION 

Based on the theoretical and experimental results of this investiga- 
tion, it is recommended that the 10° off-axis tensile test specimen be 
considered as a possible standard test specimen for characterizing the 
intralaminar shear properties of unidirectional fiber composites. 

A schematic depicting the geometry and instrumentation of the recom- 
mended test specimen is shown in Fig. 12. Note that it is advisable to 
use two back-to-back delta rosette strain gages to account for possible 
out-of-plane bending. The procedures previously described may be used 
for specimen preparation, instrumentation, mounting in the test fixture, 
and data acquisition and reduction. The ASTM D3039-74 test procedure may 


also be used as a guide. 
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The distinct advantages of the 10° off-axis tensile specimen as a 
standard for intralaminar shear characterization compared to current 
practice are: 

(1) Use of a familiar tensile test procedure (ASTM D3039-74) 

(2) Use of thin laminate narrow specimens which save considerable 
material compared to thin tubes 

(3) Test specimens may be cut from the same laminate as test speci- 
mens for longitudinal and transverse properties characterization 

(4) Specimens have uniform shear stress through the thickness 

(5) Specimens can be easily adapted to testing for environmental and 
elevated temperature effects 

(6) Specimens can be readily used for crack propagation, fracture 
mechanics and fatigue testing 

(7) Specimens are suitable for dynamic and impact loading character- 
ization 

(8) The test yields, in addition to intralaminar shear properties, 

the following off-axis properties: modulus, Poisson's ratio, 

coupling between extensional and shear deformations, and fracture 
stress 

(9) Specimens are free of lamination residual stresses in contrast 
to the ±45° specimen 

(10) The intralaminar shear strain reaches or approaches its maximum 
when the angle between load and fiber directions is about 10° 

(11) The specimen has been used successfully for high-strain-rate 

g 

intralaminar shear characterization 
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The disadvantages of the 10° off-axis tensile specimen are: 

(1) Need to measure three strains at a point 

(2) Need to transform both strains and stresses 

(3) Care in test specimen preparation 

(4) Care in alining strain gage on specimen and specimen in ljad 
fixture 

(5) Need relatively long specimen gage-length to gage-width -14 or greater) 

CONCLUSION 

A combined theoretical and experimental investigation was performed 
to assess the applicability of the 10° off-axis tensile specimen for the 
intralaminar shear characterization of unidirectional fiber composites. 

The results of this investigation led to the recommendation that the 10° 
off-axis tensile specimen be considered as a possible standard test for 
intralaminar shear characterization of unidirectional fiber composites. 
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TABLE I. - FRACTURE STRESSES AND COMPARISON WITH 
PLY STRENGTHS FOR MOD-l/ EPOXY SPECIMENS 
(a) Measured ply strengths 


Load direction 

Strength 

N/cm 2 

ksi 

0° (longitudinal tensile S £ 11T ) 

56. 3xl0 3 

81.7 

90° (transverse tensile S^x^ 

2.8 

4.0 

0° Tube (torsion S^ l2s ) 

5.2 

.7.6 

o 

o 

T— 1 

34.3 

49.8 


(b) Computed ply fracture stresses at the 10° plane 


Stress type 

Fracture stress 

N/cm 2 

ksi 

Longitudinal (along fibers) 

33.3xl0 3 

48.3 

Transverse to fibers 0^2 

1.0 

1.5 

Intralaminar shear cr^ 

5.9 

8.5 


(c) Comparison of ply fracture stresses at the 10° plane 
ply strengths 


Stress type 

Ply strength 

Computed ply 
fracture stress at 
the 10° plane 

Ratio of computed ply 
fracture stress to 
ply strength 

N/cm 2 

ksi 

N/ cm 2 

ksi 

Longitudinal 

56.3xl0 3 

81.7 

33.3xl0 3 

48.3 

0.59 

Transverse 

2.8 

4.0 

1.0 

1.5 

.38 

Intralaminar 

5.2 

7.6 

5.9 

8.5 

1.12 

shear 
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TABLE II. - UNIDIRECTIONAL COMPOSITE PROPERTIES 


Property 

Composite 

Mod-l/epoxy 

T-300/epoxy 

S-glass /epoxy 

Longitudinal tensile 
modulus, E^, 

N/cm 2 (psi) 

24. 1x10® (34.9x10®) 

13.2xl0 6 (19.1x10®) 

4.72x10® (6.84x10®) 

Transverse tensile 
modulus, E|22* 

N/cm 2 (psi) 

0.772x10® (1.12x10®) 

0.800x10® (1.16x10®) 

1.34x10® (1.94x10®) 

Shear modulus, 
N/cm 2 (psi) 

0. 610x10® (0.89X10 6 ) 

0.434X1Q 6 (0.63x10®) 

0.648x10® (0. 94x10®) 

Longitudinal Poisson's 
ratio, u n2 

0.218 

0.394 

0.316 

Longitudinal tensile frac- 
ture stress, Sjg ix X’ 
N/cm 2 (ksi) 

56.3xl0 3 (81.7) 

1 28xl0 S (186) 

l29xl0 S (188) 

1 

Transverse tensile frac- 
ture stress, S J j22 , p* 
N/cm 2 (ksi) 



2.8X10 3 (4.0) 

4. 2xlO S (6.2) 

4. 5xl0 3 (6.5) 


TABLE III. - COMPARISON OF MEASURED INTRALAMINAR SHEAR PROPERTIES FROM 10° OFF-AXIS 


TENSILE SPECIMEN WITH THOSE REPORTED ELSEWHERE 


Composite 

10° Off-axis 
tensile 
specimen 

Reported elsewhere 

10° Off-axis 
tensile 
specimen 

Reported elsewhere 

Low 

High 

Low 

High 



Modulus 



Fracture stress 

N/cm 2 

psi 

N/ cm 2 

psi 

N/cm 2 

psi 

N/ cm 2 

1 

ksi 

N/cm 2 

ksi 

N/cm 2 

ksi 

Mod- 1/ epoxy 

0.61x10® 

0.88x10® 

0.44x10® 

0.64x10® 

0.62x10® 

0. 90x10® 

5. 9*10® 

8.6 

4.7x10® 

6.8 

6.1x10® 


T-300/epoxy 

.43 

.63 

.42 

61 

.69 

1.00 

8. 3 

12.1 

6. 2 


9.2 

13,3 

S-glass/ epoxy 

.65 

.94 

.57 

.83 

1.2 

1.74 

7.1 

10.3 

4. 5 

m 

12 

17.1 
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(a) Loaded specimen. 

Figure 1. - Schematic depicting loaded 10^ off-axis tensile test specimen and stresses 
at element at lCP-plane tx.y - structural axes; 1.2 - material axes). 



0 15 30 45 60 75 90 


Load angle. 0. deg 

Figure 2. - Variation of material axes stress in unidirectional composite plotted 
against load direction. 



4.0 



Load angle. 0. deg 


Figure 3. - Variation of material a*es strains in unidirectional com- 
posite (Mod- 1 iepoxy I plotted against loml direction. 


Tensile 

load 



Figure 4. - Schematic depicting ltf ofl-axte tensile 
test specimen with strain gage positions ' 
structural aw* 1.2 - malarial am). 





SYMBOLS: 

L length of test section l G plus tapered portion of end tabs 
1 j length of Uper id portion of Micerta end tabs 

1 S6 section just beyond tapered portion of end tabs and site of top gages 

Figure 5. - Grid tor finite element analysis of Mod -I /epoxy specimens. (Top gages located at nodes 74 and 
77$ midpoint gages located at nodes 326, 329, and 332. All dimensions shown are relative. I 
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off-axis tensile specimen. (See fig. 5 for finite element represen- 
tation. ) 
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Schematic of specimen 
and Instrumentation 



Distance across specimen, percent 


AXIAL STRAINS AT FRACTURE 


Gage 

Fracture axial strains, 
percent 

1 

0.320 

2 

.287 

3 

.336 

4 

.288 

5 

.305 


Figure 7. - Axial strain variation across specimen of Mod- 1 /epoxy unidirectional com- 
posite [0] 8 loaded to fracture at 1CP from fiber direction. 




(b) Back side . 

Figure 9. • Photograph of fractured 10° off-axis tensile specimen. Mod i epoxy fiber composite 
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O 10° off-axis tensile specimen 
□ 0, 90 tested at loP to 
(f ply direction 
A Thin tube, torsion 
O tested in tension 
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Axial stress, ksi 
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Figure 11. - Comparison of measured and predicted structural axes shear 
strains at center point of lcP off-axis tensile specimen (Mod 1 /epoxy ftoer 
composite). 



Figure 12. - Schematic showing geometry and instrumentation 
of proposed 10° off-axis tensile specimen tor fber composite 
intralaminar shear characterization. 


